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Abstract
Many healthcare report cards provide information to consumers but do not represent a constraint on the behavior of healthcare
providers. This is not the case with the report cards utilized in kidney transplantation. These report cards became more salient and
binding, with additional oversight, in 2007 under the Centers for Medicare and Medicaid Services Conditions of Participation.
This research investigates whether the additional oversight based on report card outcomes influences patient selection via
waiting-list registrations at transplant centers that meet regulatory standards. Using data from a national registry of kidney
transplant candidates from 2003 through 2010, we apply a before-and-after estimation strategy that isolates the impact of a
binding report card. A sorting equilibrium model is employed to account for center-level heterogeneity and the presence of
congestion/agglomeration effects and the results are compared to a conditional logit specification. Our results indicate that patient
waiting-list registrations change in response to the quality information similarly on average if there is additional regulation or not.
We also find evidence of congestion effects when spatial choice sets are smaller: new patient registrations are less likely to occur
at a center with a long waiting list when fewer options are available.
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Highlights

& Conditional logit and sorting equilibriummodels for trans-
plant center choice are used.

& The impact of the binding report cards, due to additional
regulatory oversight, in kidney transplantation on trans-
plant center choice is isolated.

& Patient waiting-list registrations change in response to the
quality information similarly if in presence or absence of
binding regulation.

& Congestion effects are estimated when spatial choice sets
are smaller.

1 Introduction

The use of report cards in healthcare is targeted at address-
ing informational asymmetries and increasing the account-
ability of providers and stimulating improvements in qual-
ity [1]. Most of these report cards rate providers using ob-
jective measures of quality, such as mortality rates. This
information may then be used by patients, consumers of
healthcare, to determine the provider that best suits their
healthcare needs. For many of these report cards the prima-
ry incentive that a provider has to increase their quality, and
therefore their report-card rating, is the potential increase in
the number of services they provide when consumers select
them over another provider.
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Report cards issued by the Scientific Registry of Transplant
Recipients (SRTR)—publicly reported since 2002, included
quality information based on 1-year patient and graft survival
statistics for transplant centers—incentivize patients and their
referring physicians to select higher quality centers. Starting
on June 28, 2007, the Centers for Medicare and Medicaid
Services (CMS) took a regulatory approach by using these
two report-card quality measures to determine whether trans-
plant centers are compliant with quality standards, Conditions
of Participation (CoPs) [2]. Non-compliance with the CMS
CoPs may result in regulatory review and the potential loss
of transplant center funding. Therefore, the report cards issued
following the CMS regulation represent a regulatory-binding
constraint on a transplant center’s activities.

Registration on a center’s waiting list happens as a result of
a multi-step selection process. First, patients with end-stage
renal disease (ESRD) show interest and have no medical ab-
solute contraindication to transplantation [3, 4]. Second, the
patients obtain a referral initiated by them, their physician
(nephrologist), or other dialysis facility personnel. Third, they
are evaluated at the transplant center of choice using a phys-
ical examination and blood tests to assess organ function and
general state of health and registration on the center’s waiting
list will depend on center-specific selection criteria. For exam-
ple, evaluation outcomes for the patients being considered for
wait-listing are “too well for consideration”, “not a candidate”,
“being a suitable candidate for organ transplantation” [3, 4].
Many ESRD patients do not get to pass the evaluation process.
Sullivan et al. [5] found in a controlled trial in 2009 that 18%
of intervention participants and 8% of those in the control
group completed all transplant process steps and were added
to the deceased transplant waiting list. Among reasons record-
ed for failing to complete the transplantation process, medical
limitations such as acute and chronic conditions and patient
reluctancewere the most common, whereas financial concerns
were the least common [5]. A more recent study found finan-
cial concerns to be more prevalent among referred patients not
following through with getting a transplantation evaluation
[6]. Racial/ethnic disparities have been found in access to
the initial transplantation evaluation, likely due to lack of re-
ferrals by providers, and lack of patient’s knowledge about
evaluation benefits or transplantation process [7].

Several mitigating factors can influence changes in patient
sorting and waiting list rates across transplant centers over
time. Sorting refers to correlations between patients’ charac-
teristics and center attributes that occur when patients locate
themselves in the transplant center market space. Mitigating
factors influencing patient sorting include changes in type of
patient’s insurance coverage, nephrologist or dialysis center
referral patterns, patient preferences, or the center being more
selective on the type of patients they register on their waiting
list. Insurance providers may use program-specific reports da-
ta to identify higher quality transplant programs for

contracting [8–10], whichmay increase registrations at centers
with superior patient survival rates and make centers with
lower survival rates less competitive. Nonetheless, because
Medicare is the primary insurance used by ESRD patients
[11], patients may exercise greater flexibility in choosing
transplant centers than would patients with disease conditions
where private insurance coverage is more prevalent. Dialysis
facilities and physicians are more likely better informed than
transplant candidates on quality of transplant centers, which
may influence referral patterns. Nonetheless, prior studies of
cardiovascular surgeons in Pennsylvania, for example, found
that quality report card outcomes for coronary artery bypass
graft (CABG) had little impact on their referral patterns [12].
Moreover, low or high quality designation for providers and
the amount of transplant education patients receive from their
providers (e.g. dialysis centers, clinicians) may impact waiting
list rates [13–15]. Waiting list prospects may also be reduced
by not having a transplant center nearby or living in an area
with lower socio-economic status [16, 17]. The SRTR report
cards may therefore influence a patient’s registration on a
center’s waiting list as those in need of a kidney transplant
sort across centers according to their physician, insurance,
own preferences for healthcare provision, their characteristics,
and center-level attributes and selection processes.
Furthermore, the aggregation of these patient registrations
may impact volume of transplants conducted at a center and
queuing on center’s waiting list [18].

Because the CMS CoPs are not included in program-
specific report cards, patients may be less aware of the addi-
tional CMS oversight over and above the information avail-
able in report cards. Additionally, from the patient’s perspec-
tive, performance of a transplant center post-transplant or graft
survival for example may have less of an impact on the pa-
tient’s choice of a center if getting a transplant is more impor-
tant for survival and quality of life than what occurs after
transplant [8]. Consequently, the potential impact of CMS
additional oversight may be muted. However, the CMS
CoPs may have an important impact on patient volume
through increased risk aversion of transplant centers, poten-
tially limiting access to care for some patients (e.g. those with
some medical conditions) [19]. Low performance on
program-specific report card outcomes which influences rep-
utation and financial health of providers [20] may increase risk
aversion of centers and be associated with problematic behav-
ior of selecting patients whomay help achieve superior quality
performance [21, 22]. An informal survey of transplant man-
agement personnel at a national meeting in 2009, post-CMS
CoPs, showed that personnel from low-performing centers
were more likely to indicate that they increased selection
criteria of candidates, donors, and clinical protocols [23].
Overall, the impact of the CMS CoPs, making report cards
regulatory binding, on patient volume remains unclear and
should be assessed empirically. Knowledge about the impact
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of the CMS regulation on patient sorting will increase our
understanding of how report cards and additional oversight
influence competition among healthcare providers and patient
selection. In addition, it may inform the future development of
healthcare report card systems and regulatory oversight. Our
research addresses this gap and focuses on how this regulation
affects patient volume.

In this analysis, we present a qualitative choice model for
the selection of patients on the deceased-donor waiting list
between 2003 and 2010. We utilize a before-and-after speci-
fication to estimate those impacts induced by additional over-
sight, post-CMSCoPs. Notwithstanding the complexity of the
waiting-list registration process aforementioned, we present
the patient as the decision maker when empirically analyzing
patient registrations, for simplicity.We estimate the regulation
effects using both a conditional logit specification [24] as well
as a sorting equilibrium model [25, 26] that controls for
center-level heterogeneity and endogenous sorting of patients.
A sorting equilibrium model of transplant center choice pro-
vides a framework for understanding the interactions among
patients, transplant center markets, and spatially delineated
attributes. In this model, individual patients make choices
and maximize their total satisfaction from making those
choices based on their expectations about the decisions that
other patients will make. In equilibrium, those expectations
are validated by other patients’ actual behavior. Sorting equi-
librium models use the properties of market equilibria in ad-
dition to information on patients’ sorting behavior to infer
structural parameters that describe heterogeneity in prefer-
ences and selection. Suchmodels reflect the information avail-
able to participating agents, their constraints and the implica-
tions associated with their combined choices [27]. The sorting
equilibriummodel employed in our analysis will also measure
the level of congestion or agglomeration present which will
inform on how and to what extent on-site experience affects
sorting of patients across centers. Using existing evidence
from the hospital choice literature [28], we hypothesize that
the regulatory environment, centers’ attributes, and individual
characteristics also matter in access to transplantation.

2 Literature review

Economic theory predicts that in a market with controlled
prices, quality is positively correlated with the price level
[29]. In the case of organ transplantation, the pricing mecha-
nism used to sort across quality is not preserved because the
price of procedures is relatively fixed with organ procurement
being regulated by the 1984 National Organ Transplant Act
[30]. A transplant center’s motive to increase quality (i.e. re-
port card rating) is to attract patients and increase their volume
as well as to meet the CMS CoPs. The impact that the infor-
mation conveyed in the report cards has on the center’s level

of quality depends on both the quality of the information pro-
vided and the costs the center bears trying to increase quality
[31, 32].

Although no study to our knowledge has investigated the
impact of the CMS CoPs on patient sorting to date, existing
evidence of the impact of provider report cards on health qual-
ity or selection of providers is mixed [12, 22, 33–47].
Disparity in these results may be due to nonrandom sorting
of patients across providers that in turn determines providers’
measure of quality [48]. Moreover, the type of quality mea-
sured may affect the role it has on the patient’s selection pro-
cess [35]. Furthermore, patients may possess a high degree of
“market based” learning, where they learned from sources
separate from report cards [42]. Report cards may have no
impact if they conformed to prior beliefs of quality, but if they
differed from these beliefs they would influence provider se-
lection, albeit more negatively than positively [46].

The distance one travels to acquire marginal additions in
quality is another important factor in a patient’s response to
quality information [36, 37] as the impact of the reports may
only be relative to providers available within a reasonable
distance of a patient. For example, in their study on the impact
of kidney transplant centers’ report cards on patient demand
prior to the CMS regulation, Howard, Kaplan [36] restricted
the choice set to a 200-mile buffer for patients needing kidney
transplantation and found that a one standard deviation in-
crease in a center’s graft survival rate decreased the center’s
enrollments by 6%. Overall, findings in the existing literature
on report cards suggest that the decision environment and the
informed nature of the decision agent may play a key role.

Our research differs from Howard, Kaplan [36] in two very
important ways. First, we investigate the impact of the CMS
CoPs, making report cards regulatory-binding. Second, we
control for the impact that a patient’s registration may have
on other patients as well as center-level heterogeneity. This
latter point of differentiation also allows us to investigate
whether or not the sorting process generates congestion or
agglomeration effects at centers. This study was reviewed
and approved by the Institutional Review Board of the
University of California-Merced.

3 Regulatory background

The report cards used in organ transplantation are published
by the SRTR and issued every six months, at the end of June
and December. These reports provide detailed information on
transplant centers’ performance relative to risk-adjusted ex-
pected values. The primary measures of quality we are inter-
ested in are the transplant center’s 1-year graft and patient
survival rates because these measures are monitored under
the CMS CoP regulations [2]. These rates are calculated using
transplants undergone during a two-and-half-year rolling
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cohorts, regardless of when the transplant recipients registered
on the waiting list, at each transplant center. For instance the
report issued on June 30, 2007, just following the adoption of
the CMS CoPs, was based on quality measures of transplants
undergone from January 1, 2004 through June 30, 2006. This
feature is important in our analysis as these measures are de-
rived from lagged center performance and are therefore not
endogenous variables in our empirical model.

In addition to detailed information reported on a center’s
activity and post-transplant graft and patient survival out-
comes, a report card would compare the center’s observed
survival outcome to what would be expected using similar
patients at the national level. Patients would be able to explic-
itly see if a center’s survival outcomes are “significantly low-
er”, “not statistically different”, or “significantly higher” than
the expected survival outcomes based on similar patients. In
recent years, the SRTR started providing a table synthesizing
information available on report cards for all active centers’
patient survival outcomes, including information on the num-
ber of transplant candidates, number of transplants, and pa-
tient survival outcome comparison between the center’s out-
comes and what would be expected using similar patients at
the national level for patients who had a deceased donor or a
living donor transplantation and by age category. In
December 2016, the SRTR moved from a 3-tier to a 5-tier
rating summary of 1-year post transplantation survival out-
comes with tier 1 being the worst and tier 5 being the best,
to further differentiate program performance and reduce vari-
ance in outcomes between transplant programs within the
same tier [8].

The 2007 CMSCoPs use a three-trigger system. A center is
deemed non-compliant if its observed survival rates for 1-year
graft or patient survival are lower than expected and the fol-
lowing three conditions are met: (1) the difference between the
number of observed (O) events (patient deaths or graft fail-
ures) and the number of expected (E) events is greater than 3
[O − E > 3]; (2) the ratio of the number of observed events to
the number of expected events is greater than 1.5 [O/E > 1.5];
and (3) the one-sided p value, based on an exact Poisson test
for the difference between the observed and expected events,
is less than 0.05 [p value < 0.05] [2].

The CMS CoP standards are binding for kidney transplant
centers seeking (re)certification for Medicare coverage. The
CoPs require that a center hit all three triggers on any quality
measure at least twice within a three-year period in order for
CMS to initiate a formal review. However, we have elected to
use the presence of all three triggers on a single report as a
signal of lower quality. Moreover, the CMS regulation im-
poses an additional constraint associated with non-compli-
ance, the risk for Medicare de-certification (i.e. loss of insur-
ance contract) of a transplant center. Transplant programswith
poor report cards and not in compliance with the CoPs may be
subject to an audit which may lead to probation, suspension,

or program closure due to repeated low performance. In prac-
tice, though no program has been de-certified and completely
closed during the study period. Centers deemed non-
compliant are required to take corrective actions to improve
their performance and may be formally reviewed by CMS.
Non-compliant centers may also have to inform their waiting
list patients about their performance, providing them with
more quality information. However, this would not be cap-
tured in our data and analyses because we are only modeling
the patients’ initial decision to register at a given center and
not transfer decisions. The fact that no program has been
forced to close weakens the binding nature of the regulation
but the costly quality improvement strategies required to avoid
decertification make report cards following the CoPs the most
binding, in use within the healthcare sector.

4 Empirical model

This study seeks to determine whether or not the regulatory
binding nature of the report cards utilized within organ trans-
plantation impacts patient sorting beyond the influence of a
traditional healthcare report card. We employ a before-and-
after estimation strategy imbedded in a random utility model
[24] of a patient’s decision regarding which center they
choose to be listed at to receive a kidney transplant. We define
Uijt as the utility (i.e. total satisfaction) that patient i derives
from selecting transplant center j (on day d) in time period t,
where the utility function can be represented by the following
function:

Ui jt ¼ δ jt þ X
0
i jβ þ Z

0
i jtγ þ εi jt; ð1Þ

and

δjt ¼ W
0
jtθþ αρjt þ μjt: ð2Þ

The matrix Xij contains time-invariant information that in-
fluences the probability that patient i will select transplant
center j. The matrix Zijt includes time-varying information that
influences the probability that a patient i will select transplant
center j (on day d) within period t and εijt is the unobserved
portion of Uijt that is assumed to be independent and identi-
cally distributed (i.i.d.) extreme value. The time period t is
defined as a 6-month period to align with the SRTR bi-
annual report cards. For ease of presentation, we do not add
the additional day time dimension (i.e d) in the equation and
will refer to t as the time dimension in the rest of the study.

The alternative and time specific constant, δjt, captures
center-specific measures of heterogeneity including center-
level capability and practice patterns within period t influenc-
ing the sorting behavior of patients across transplant centers in
the given time period [26, 27, 49–51]. Capturing unobserved
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heterogeneity has been illustrated to be an important factor in
the selection of a healthcare provider [41]. The matrix Wjt

comprises center and time-specific information that influences
the value of δjt. The parameter ρjt is the share of patients that
have selected and have been registered at transplant center j in
time period t. The associated coefficient α captures the degree
of congestion or agglomeration (popularity). The number of
patients at a center may signal popularity and interact positive-
ly with perception of the center’s quality and performance,
making the center more attractive to new patients. However,
it may also suggest congestion with “overcrowding” and po-
tential lack of flexibility in care. Waiting time for patients
registered on a center’s waiting list may not be entirely based
on the number of people currently listed at that center but also
depends on the number of people registered at other centers
within the same organ donation service area. Additionally, the
size of the waiting list and wait time at a center may be influ-
enced by the center’s policies on listing statuses of patients.
Some centers may list patients less seriously ill or with less
urgent needs for transplantation much earlier in the course of
their illness than others. Therefore, a patient’s waiting time
may be influenced by 1) their own status, 2) the number of
patients already registered at their center and the severity of
these registered patients’ illness and transplantation need ur-
gency, 3) policies at their centers, and 4) and patients regis-
tered at other centers within the same organ donation area.
Therefore,αwouldmeasure congestion/agglomeration direct-
ly at the center of choice and indirectly at other centers within
the local donation area. For simplicity, we consider α to rep-
resent congestion/agglomeration at the center selected.
Congestion is an important center attribute and a rationing
device—where preferences exhibit a negative effect. It creates
a negative externality (i.e. cost) on an individual [52].
Congestion could, therefore, occur with only a few people
choosing a particular transplant center. We hypothesize that
congestion would reduce the value of a center. Lastly, μjt is a
normally distributed error structure.

The probability that patient iwill select and be registered at
transplant center j (on any day d) in period t can be written as

Pijt ¼
exp δjt þ X

0
ijβ þ Z

0
ijtγ

� �

∑K
k¼1exp δkt þ X

0
ikβ þ Z

0
iktγ

� � ð3Þ

where K represents the number of transplant centers.
From Eq. (3) the predicted share of patients that will be

registered at transplant center j in period t can be determined
as follows:

ρPredjt δjt;β; γ
� � ¼ 1

M
∑
M

i¼1
Pijt δjt;β; γ

� � ð4Þ

where M is the total number of patients. The maximum

likelihood estimates bδ; bβ and bγ are obtained from the follow-
ing optimization [26],

max
δ;β;γð Þ

L δ;β; γjX i j; Zi jt
� � ¼ ∏

M

i¼1
∏
N

j¼1
∏
T

t¼1
Pi jt
� �Ci jt ð5Þ

subject to,

ρActjt ¼ 1

M
∑
M

i¼1
Pijt δjt;β; γ

� � ð6Þ

where, Cijt takes the value of one if patient i registers at trans-
plant center j in period t and ρActjt is the actual observed share of

patients that registered at transplant center j in period t as
revealed in the data. The maximum likelihood estimates are
generated iteratively. Conditional on a value for β and γ, an
estimate of δjt is obtained that preserves the observed sorting
behavior of patients, ρActjt .

To obtain estimates for δjt, we employ the contraction map-
ping method, a method for construction of solutions of non-
linear equations, developed by Berry [51]. Denoting l as the lth

iteration of the likelihood function, the (l + 1) value for δjt is
captured by Berry [51],

bδjtlþ1 ¼ bδjtl−ln ρActjt −ρPredjt
bδjtl; bβ l; bγ l

� �� 	
ð7Þ

This contraction mapping ensures that for any value of β

and γ the parameter estimates for bδjt preserve the observed

sorting behavior captured by ρActjt . After obtaining the final

parameter estimates for bδjt, we can estimate θ and α via an
instrumental variables regression. In that regression, the ob-
served share of patients registering at transplant center j in
period t will be instrumented for because it is an endogenous
variable in the estimation routine. Endogeneity ensues from
the mechanical correlation—resulting from the specification
of the model—between the expected probability of all candi-
dates choosing a particular center alternative and the unob-
servable attributes of that alternative through equilibrium
sorting [53]. Consequently, more attractive centers with a
higher baseline utility will be expected to have more desirable
unobserved characteristics.

We use an instrumental variables approach following
Timmins, Murdock [53]. In this model, patients are assumed
to have rational expectations about other patients’ behavior.
This assumption implies a constant vector of expected shares,
ρPredjt across all individuals. Therefore, the parameter estimates

resulting from the sorting equilibrium model are consistent
withNash Equilibrium sorting behaviors, where no individual
would benefit from changing their initial choice.
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We estimate our model using both a conditional logit spec-
ification and the sorting equilibrium model outlined above.
The conditional logit model is specified as follows,

Uijt ¼ X
0
ijτ þ V

0
jtϑþ Z

0
ijtφþ εijt: ð8Þ

The primary difference between the two models is that the
conditional logit model assumes δjt = 0 or that both α = 0 and
μjt = 0 ifWjt is contained in Eq. (1). Although bothWjt (in Eq.
(2)) and Vjt (in Eq. (8)) capture site and time-specific informa-
tion, the number of observations contained in both matrices
are different. The size of Vjt is determined by the number of
patient registrations observed, whereas Wjt is determined by
the dimensions of δjt. In our results section, we partition the
models based on the two specifications. Fundamentally, the
conditional logit model ignores the site and time-specific het-
erogeneity that may result either from the sorting behavior of
patients across centers or from factors that arise within the
center. If patients were indifferent about transplant programs’
characteristics but were only concerned about getting on any
waiting list for kidney transplantation, and registration eligi-
bility criteria were uniform across all centers, their utility
would not be affected by center-specific unobserved hetero-
geneity, and both the sorting equilibrium and the conditional
logit models would provide similar results. However, if such
characteristics mattered in the decision-making process, they
would need to be accounted for in our estimation because a
basic conditional logit model would produce biased estimates.
Presenting both the conditional logit and the sorting equilibri-
um models would therefore inform on the importance of con-
trolling for spatial heterogeneity in the choice set.

As one of the primary determinants of patient’s selection of
healthcare providers [28, 54, 55] distance, Distij, is the sole
variable included in Xij and we use two different distance
buffers to investigate the robustness of our results to the as-
sumed distance traveled. Distance has an effect on travel time
to a center, and time itself is a very important determinant of
organ quality. Kidneys can only be preserved for up to
48 hours outside a human body [56]. Consequently, patients
often register at transplant centers that are in proximity to their
residence. Furthermore, investigating “distance” is conse-
quent ia l because most pa t ien ts , whi le awai t ing
transplantation—which can take years—are still undergoing
dialysis treatment. Although we are not modeling them in this
analysis, we realize that there are non-medical costs including
travel costs to and from the transplant center before and after
surgery as well as food, lodging, child care, or potential
wages lost for workers, associated with the entire process.
Distance, therefore, serves as a proxy for both pecuniary and
non-pecuniary costs in the decision-making process.

In one specification, we consider only centers within the
ninetieth percentile for the distribution of distances traveled to
transplant centers, and in another, we use centers within the

ninety-fifth percentile for distances traveled. In the appendix,
we investigate the robustness of our results using the seventy-
fifth percentile of distances traveled.

Within the Zijt matrix, we include nine different covariate
controls: Ageijt, Whiteijt, Blackijt, Femaleijt, BMIijt, ECDijt,
HighSensijt, Diabijt, and Donationsijt. The matrix Zijt is con-
structed based on patients’ registration dates, hence the addi-
tional subscript i. The variablesWhiteijt, Blackijt, and Femaleijt
indicate the percentage of patients that are either white, black,
or female, respectively, and the variables Ageijt and BMIijt
indicate the average age and body mass index of patients,
respectively, at transplant center j on the date (month, day,
year) that patient i is considering to be listed at in time period
t. Race ethnicity may be an important factor in a patient’s
utility because organ compatibility is correlated with one’s
ethnicity. Age and BMI may also be important factors in a
patient’s utility because advanced age and elevated BMI (i.e.
severe and morbid obesity) are often used as contraindications
for transplantation [57, 58].The variable ECDijt indicates the
number of expanded criteria donor (ECD) transplants that
center j conducted in the 1-year period leading up to time
period t. An ECD is distinct from a standard criteria donor
transplant because ECD organs are obtained from deceased
donors who are over the age of 50 with at least two comor-
bidities including high blood pressure, a creatinine—a blood
test indicating impaired kidney function—of at least 1.5, or
stroke-related death. ECD organs have a higher rate of delayed
graft function, higher probability of acute rejection, and
shorter longevity [59]. However, ECD transplants, which re-
duce the excess demand for organs, increase a center’s trans-
plant volume and reduce patients’ waiting time. The variables
HighSensijt and Diabijt indicate the percentage of patients at
the transplant center that are either highly sensitized or have
diabetes. A highly-sensitized patient (a patient with a highly
sensitized immune system) is defined to have a panel reactive
antibody (PRA) level greater than 80, on a 0 to 100 scale,
increasing the probability that the patient will experience or-
gan rejection if transplanted. Patients with a PRA over 80 have
antibodies to approximately 80% (or more) of the population,
making them very difficult to match and are riskier than other
patients [60]. Diabetes is also important in estimating a pa-
tient’s utility because it represents an important risk factor for
kidney failure and ESRD. The variable Donationsijt measures
annual kidney donations in the transplant center’s local market
which would impact the supply and possibly the demand for
kidney transplantation in a given market.

Our before-and-after specification is captured within the
Wjt and Vjt matrices, depending on whether or not we are
estimating the sorting equilibrium or the conditional logit
models. Depending on the empirical specification, we include
the following variables within these matrices: Eitherjt, Graftjt,
Patientjt, Postjt, PostEitherjt, PostGraftjt and PostPatientjt.
The variables Graftjt and Patientjt are dummy variables that
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indicate whether or not transplant center j did not meet the
CMS CoPs in period t for graft survival and patient survival
outcomes, respectively. The variable Eitherjt is an indicator
for whether or not they did not meet the CMS CoPs for either
graft or patient survival outcomes. The two quality measures
are often times correlated. When a center does not meet the 1-
year patient survival criteria they also may not meet the 1-year
graft survival metrics because patient deaths are included as
graft failures. In any given period t, a center that fails to meet
the CoPs on graft survival outcomes but meets the standards
for patient survival outcomes will have a value of one for
Graftjt, zero for Patientjt, and one for Eitherjt. The variable
Postjt is a dummy variable that indicates whether or not the
period considered is post-CoP and the variables PostEitherjt,
PostGraftjt and PostPatientjt are dummy variable interactions
between Postjt and the dummy variables Eitherjt, Graftjt, and
Patientjt. The coefficients on these three interaction variables
are the primary focus of this study and capture the effects that
the regulation on patient selection.

In the sorting equilibrium model, we again utilize the data
contained in Zijt to explain variation in δjt that is not a result of
the report cards or the regulation. This is achieved by averag-
ing all of the variables in Zijt across all i individuals to con-
struct ourWjtmatrix. In addition to these initial specifications,
we estimate another set of models that interact the treatment
(Eitherjt, Graftjt, Patientjt, Postjt, PostEitherjt, PostGraftjt, and
PostPatientjt) and control (ECDijt, HighSensijt, and Diabijt)
variables to assess if the report cards and the regulation have
a differential impact based on the level of risk a transplant
center faces. We select these covariates because they are in-
cluded in the risk-adjustment models used by the SRTR to
calculate the expected 1-year graft and patient survival rates.
We estimated marginal effects, utilizing a simulation method
similar to Krinsky and Robb [61, 62], used for elasticity cal-
culations.We take 1000 draws from the parameter distribution
and estimate the change in probability resulting from a 1%
change in the covariates for continuous variables and a shift
from 0 to 1 for binary variables in the regression. Our results
allow to construct 95% confidence intervals that we use to
estimate statistical significance. All regression analyses are
performed with Matlab R2019a.

5 Data description

We use data on ESRD patients on the United States (U.S.)
deceased donor waiting list for kidney transplantation be-
tween 2003 and 2010. The primary data source is the United
Network for Organ Sharing Standard Transplant Analysis and
Research (UNOS STAR) database. The UNOS STAR data
provides information on transplant candidates including de-
mographics, medical conditions, dates of listing and
transplantation—if any—reported on the registration forms

at the transplant center. The analysis is restricted to ESRD
patients aged at least 18 years and their transplant center
choices.

SRTR reports for 228 transplant centers are linked to the
UNOS STAR data to create binary indicator variables for
whether a transplant center meets the three non-compliance
thresholds defined by the CoPs for either 1-year total graft or
patient survival outcomes: a “negative” report card. A total of
sixteen sets of report cards are used in this study. We also
account for the fact that transplant programs can be active or
inactive at different points in time. The activity-inactivity
schedule implies that patients have different choice sets over
time as each patient’s effective choice set only includes those
centers that are actively conducting kidney transplants at the
time the patient is considering healthcare providers. The ana-
lytic sample includes registration information for 245,090 in-
dividuals between 2003 and 2010.

The UNOS STAR data provide information on transplant
centers selected at listing and on transplant candidates’ ZIP
codes of residence both at listing and at transplantation. We
collect the exact address of the centers using information
available on their official websites and from the Health
Resources and Services Administration website [63]. We fur-
ther use the 2012 U.S. Census Bureau TIGER Shapefiles [64]
to compute distances to the transplant centers using the cen-
troid of the patients’ ZIP codes. These calculations are done
using ArcGIS, ArcMap 10.

We further restricted the sample to include only transplant
centers within either the ninetieth percentile of distances trav-
eled to transplant centers (158-mile buffer) or the ninety-fifth
percentile of distances traveled (232-mile buffer). Additionally,
we keep the first listing for each patient and drop multiple
listings, which represent less than 10% of all listings [65].
These steps result in 196,318 and 206,477 patient-year obser-
vations for each respective choice set. Altering the spatial buff-
er substantially modifies the number of potential transplant
centers that a patient may be considering. In the ninetieth-
percentile choice set model, the average number of available
centers is 12.5, whereas it is 19.3 in the ninety-fifth percentile
model. Failure to accurately account for all possible spatial
substitutes may generate erroneous parameter estimates and
bias our empirical inference [66, 67]. Therefore, we have
elected to investigate the robustness of our estimates to a re-
gionally concentrated and a more spatially broad choice sets.

Other center-specific attributes include the average age and
BMI of patients actively listed on any given date of interest,
the proportion of “active” white transplant candidates and
“active” black candidates to account for the racial composition
of centers’ waiting list, the proportion of female patients ac-
tively listed, and the number of transplants from ECDs per-
formed in the past 365 days. Active listings are computed
using all registrations at a particular transplant center and
subtracting all removals from the waiting list up to a particular
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listing date of interest. The number of active listings for pa-
tients with medical conditions such as high sensitization and
diabetes are also included. These center-specific characteris-
tics were calculated going back to the first registration record
for the centers, which could be as early as January 1, 1972.
Using the Organ Procurement and Transplantation Network
[68] public data, we also included information on annual kid-
ney donations in the transplant centers local markets (donation
service areas or organ procurement organizations (OPOs)).

Organ procurement and allocation is handled at the geo-
graphical level by OPOs and centers can only be affiliated
with one OPO. Appendix Fig. 1 shows the distribution of
OPOs and transplant centers across the U.S.. Because of lim-
ited conservation time for organs, the allocation hierarchy
happens first at the local area, then regional, and national
level. In the current allocation process, access to kidney trans-
plantation greatly depends on the “local” supply of organs and
the “local” demand (i.e. waiting list).

5.1 Descriptive statistics

Descriptive statistics for waiting list patients and center-
specific characteristics between 2003 and 2010 are presented
in Table 1. Transplant candidates are 40% female, 49% white,
have average age of 50 years, and average BMI in the over-
weight category (BMI = 28 kg/m2). About 44% of transplant
candidates have diabetes, one of the leading causes of ESRD.
On average, ESRD patients travel about 35 miles to their
preferred transplant center in the 90th percentile of distances
traveled choice set and 43 miles in the 95th percentile of
distances traveled choice set.

Considering the center as the unit of observation, on a
typical day between January 1, 2003 and September 3,
2010, the size of the waiting list is about 715 and 745 regis-
trations at the average facility for the 90th percentile and 95th
percentile of distances choice sets, respectively (Table 1). On
average, there are about 120 transplants performed over a
year for the 90th percentile and 122 transplants for the 95th
percentile of distances at the average facility. Nearly 11% of
these transplants are conducted from ECD donors. The distri-
bution of race ethnicities among patients actively listed shows
that black patients constitute about 28% of patient registered
but 34% of those actively listed versus white patients
representing 49% of patients registered but 44% of those ac-
tively listed. These racial disparities in active listings might
suggest a relatively greater access to transplantation for white
patients relative to black patients. Compared to the general
patient population, patients actively listed are slightly younger
(49 versus 50 years in the general patient population) and have
lower BMI (27 versus 28 kg/m2). Annual kidney donations in
a donation service area average about 197 donors in the 90th
percentile of distances choice set and 196 donors in the 95th
percentile choice set.

Considering quality performancemeasures, there are 5% of
patient-registration-years that are associated with centers not
in compliance with the CoPs on either graft or patient survival
rates during the pre-regulation period (Table 1). In the post-
regulation period, that proportion slightly decreases to 4% of
patient registration-years. Patient average age and BMI are
comparable across the distance-based choice sets. When ex-
amining characteristics of centers in our study, between 32%
(N = 73) and 33% (N = 75) are identified as low performing
(i.e. a negative report card) pre-CoP. In the regulatory-binding
period, post-CoP, there are 29% (N = 66) of transplant centers
flagged for low-performance. Low-performing centers are
therefore relatively smaller in patient volume than centers in
compliance with the CoPs.

6 Empirical results

6.1 Conditional logit model

Regression results from the conditional logit model are
contained in Table 2, where we assess the average effect of
the CoPs. We partition the results based on the distance
buffers employed and performance measures included in the
regressions. We do not run a regression investigating simulta-
neous low-performance on graft survival and patient survival
outcomes because the measures are often times collinear.

The results for both the 90th percentile and 95th percentile
of distances traveled choice set models are generally consis-
tent across specifications but the marginal effects estimated on
covariates are higher in general when there are more center
options available. Distance has a strong negative effect on the
choice of the center, a 1% increase in distance traveled, cor-
responding to increases by 0.35 miles for the 90th percentile
and 0.43 miles for the 95th percentile of distances traveled,
reduces the probability that a center be chosen by 1.1% and
1.2%, respectively (Table 2). Because the distance effect is
presumably non-linear, our estimates only reflect a local effect
of the 1% change and should not be linearly interpolated in
terms of a change in the standard deviation. The percentage of
highly sensitized patients currently listed at a center negatively
impacts that center’s selection by potential transplant candi-
dates: a decrease in the choice likelihood by 0.01% up to
0.03% for a 1% increase in the proportion. A higher percent-
age of waiting-list patients that are white, black, female, or
diabetic at a particular center and greater availability of kidney
donors in a center’s donation area increase the likelihood of
that center’s choice. Age has a negative and statistically sig-
nificant effect on the likelihood of a center’s choice when
considering centers within the 90th percentile of distances,
and centers with higher average BMI of patients are less at-
tractive choices for prospective transplant candidates across
all regression models. In addition, centers that conduct a
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higher number of ECD transplants are more attractive to
ESRD patients choosing between transplant centers. The
negative and statistically significant coefficients estimated
on NegRepCard illustrate that patients are less likely to
register at a center not meeting quality standards enforced
by the CoPs. Moreover, after the regulation is implemented,

low quality performance on any of the three outcomes has
an increasing negative effect on centers’ selection. We es-
timate decreases in the probability of choice ranging from a
low of 4.2% for either graft or patient survival outcomes to
a high of 6.9% for 1-year graft survival outcome in the 90th
percentile of distances choice set and from a low of 3.5%

Table 1 Descriptive statistics for patients seeking kidney transplantation (2003–2010)

Patient Characteristics (N = 215,808 registration-years)

Variable Mean Std. Dev

Proportion of kidney listing only: Remainder jointly listed for kidney and pancreas 0.95 0.22
Age at listing 50.02 13.10
Female 0.40 0.49
BMI at listing 27.87 5.70
White 0.49 0.50
Black 0.28 0.45
Hispanic 0.15 0.36
Asian 0.06 0.23
Other ethnicity 0.02 0.13
Diabetes 0.45 0.50
Highly sensitized 0.04 0.19

Waiting List Characteristics (N = 228 Centers)

90th percentile (158-mile) distance
buffer

95th percentile (232-mile) distance
buffer

Mean Std. Dev Mean Std. Dev

Distance to transplant center (miles) 35.45 37.10 43.01 49.33
Active listing 714.83 843.77 744.99 882.09
Transplants in past year 119.52 79.79 121.69 80.71
Number of ECD transplants in past year 13.16 11.75 13.22 11.69
Proportion of white patients 0.44 0.20 0.44 0.20
Proportion of black patients 0.34 0.20 0.34 0.20
Proportion of female patients 0.42 0.04 0.42 0.04
Average age of patients on waiting list 48.62 2.26 48.61 2.26
Average BMI of patients on waiting list 26.87 2.08 26.88 2.05
Proportion of patients with diabetes 0.18 0.12 0.18 0.12
Proportion of highly sensitized patients 0.07 0.06 0.05 0.05
Annual kidney donors in donation area 197.27 104.41 196.00 103.51

Proportion of patients listed at centers failing to meet quality standards on:
Either 1-year graft or patient survival rates pre-CMS CoP 0.05 0.21 0.05 0.21
1-year graft survival rate pre-CMS CoP 0.03 0.17 0.03 0.17
1-year patient survival rate pre-CMS CoP 0.03 0.18 0.03 0.18
Either 1-year graft or patient survival rates post-CMS CoP 0.04 0.20 0.04 0.20
1-year graft survival rate post-CMS CoP 0.03 0.16 0.03 0.16
1-year patient survival rate post-CMS CoP 0.03 0.16 0.03 0.16

Proportion of centers failing to meet quality standards on:
Either 1-year graft or patient survival rates pre-CMS CoP 0.33 0.32
1-year graft survival rate pre-CMS CoP 0.23 0.23
1-year patient survival rate pre-CMS CoP 0.23 0.23
Either 1-year graft or patient survival rates post-CMS CoP 0.29 0.29
1-year graft survival rate post-CMS CoP 0.21 0.21
1-year patient survival rate post-CMS CoP 0.19 0.19

Number of centers 227 228
Observations (Registration-years) 196,318 206,477

Abbreviations-BMI bodymass index,ECD expanded criteria donor,CMSCenters forMedicare andMedicaid Services,CoPConditions of Participation
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Table 2 The effect of regulatory-binding report cards on patient selection of a transplant center: conditional logit model

Panel A: 90th percentile of distances traveled (158-Mile Buffer)

Either Graft or Patient Survival Rate Graft Survival Rate Patient Survival Rate

Variable Coeff. Marg. Eff.† Coeff. Marg. Eff. Coeff. Marg.Eff.

Distance −46.366***
(0.138)

−1.143ϕ
(0.003)

−46.353***
(0.138)

−1.142ϕ
(0.003)

−46.383***
(0.138)

−1.143ϕ
(0.003)

Average age of patients −0.271*
(0.140)

−0.086ϕ
(0.042)

−0.285**
(0.139)

−0.089ϕ
(0.042)

−0.167
(0.140)

−0.053
(0.043)

Proportion of white patients 1.809***
(0.038)

0.492ϕ

(0.010)
1.819***
(0.038)

0.495ϕ

(0.011)
1.834***
(0.038)

0.499ϕ

(0.009)
Proportion of black patients 0.803***

(0.040)
0.174ϕ

(0.009)
0.798***
(0.040)

0.174ϕ

(0.009)
0.820***
(0.040)

0.178ϕ

(0.008)
Proportion of female patients 0.562***

(0.044)
0.151ϕ

(0.012)
0.563***
(0.044)

0.152ϕ

(0.011)
0.542***
(0.044)

0.146ϕ

(0.012)
Average BMI of patients −1.412***

(0.135)
−0.241ϕ
(0.021)

−1.401***
(0.135)

−0.240ϕ
(0.021)

−1.476***
(0.134)

−0.253ϕ
(0.021)

ECD transplants in past year 3.862***
(0.024)

0.321ϕ

(0.002)
3.845***
(0.024)

0.320ϕ

(0.002)
3.880***
(0.024)

0.323ϕ

(0.002)
Proportion of highly sensitized patients −0.409***

(0.083)
−0.012ϕ
(0.002)

−0.406***
(0.083)

−0.012ϕ
(0.003)

−0.387***
(0.082)

−0.012ϕ
(0.003)

Proportion of patients with diabetes 0.288***
(0.047)

0.032ϕ

(0.005)
0.273***
(0.047)

0.030ϕ

(0.005)
0.262***
(0.047)

0.029ϕ

(0.005)
Annual kidney donors in donation area 0.068***

(0.005)
0.094ϕ

(0.007)
0.067***
(0.005)

0.092ϕ

(0.007)
0.067***
(0.005)

0.092ϕ

(0.007)
Negative report card −0.133***

(0.014)
−8.150ϕ
(0.779)

−0.163***
(0.018)

−10.053ϕ
(1.059)

−0.059***
(0.018)

−3.667ϕ
(1.159)

Negative report card*post CMS CoP −0.065***
(0.020)

−4.159ϕ
(1.184)

−0.110***
(0.024)

−6.870ϕ
(1.413)

−0.081***
(0.024)

−5.070ϕ
(1.577)

Observations 196,318 196,318 196,318
Log-Likelihood (0) −429,556 −429,556 −429,556
Log-Likelihood −279,972 −279,938 −280,084

Panel B: 95th percentile of distances traveled (232-Mile Buffer)

Either Graft or Patient Survival Rate Graft Survival Rate Patient Survival Rate

Variable Coeff. Marg. Eff. Coeff. Marg. Eff. Coeff. Marg.Eff

Distance −38.689***
(0.099)

−1.240ϕ
(0.003)

−38.673***
(0.099)

−1.239ϕ
(0.003)

−38.706***
(0.099)

−1.241ϕ
(0.003)

Average age of patients 0.033
(0.132)

0.009
(0.042)

0.033
(0.132)

0.010
(0.042)

0.149
(0.133)

0.048
(0.042)

Proportion of white patients 1.565***
(0.035)

0.449ϕ

(0.010)
1.577***
(0.035)

0.453ϕ

(0.010)
1.585***
(0.035)

0.455ϕ

(0.009)
Proportion of black patients 0.644***

(0.037)
0.146ϕ

(0.009)
0.641***
(0.037)

0.146ϕ

(0.009)
0.659***
(0.037)

0.150ϕ

(0.008)
Proportion of female patients 0.654***

(0.041)
0.185ϕ

(0.012)
0.653***
(0.041)

0.185ϕ

(0.011)
0.629***
(0.042)

0.178ϕ

(0.012)
Average BMI of patients −1.468***

(0.130)
−0.263ϕ
(0.021)

−1.464***
(0.130)

−0.263ϕ
(0.022)

−1.532***
(0.130)

−0.275ϕ
(0.021)

ECD transplants in past year 3.934***
(0.022)

0.343ϕ

(0.002)
3.915***
(0.022)

0.341ϕ

(0.002)
3.960***
(0.022)

0.345ϕ

(0.002)
Proportion of highly sensitized patients −0.888***

(0.077)
−0.028ϕ
(0.002)

−0.888***
(0.077)

−0.029ϕ
(0.003)

−0.863***
(0.077)

−0.028ϕ
(0.003)

Proportion of patients with diabetes 0.283***
(0.044)

0.033ϕ

(0.005)
0.262***
(0.044)

0.031ϕ

(0.005)
0.259***
(0.044)

0.030ϕ

(0.005)
Annual kidney donors in donation area 0.064***

(0.004)
0.091ϕ

(0.006)
0.063***
(0.004)

0.089ϕ

(0.006)
0.063***
(0.004)

0.089ϕ

(0.006)
Negative report card −0.165***

(0.014)
−10.529ϕ
(0.758)

−0.193***
(0.017)

−12.321ϕ
(1.031)

−0.108***
(0.017)

−6.964ϕ
(1.113)

Negative report card*post CMS CoP −0.065***
(0.019)

−4.393ϕ
(1.190)

−0.108***
(0.023)

−7.091ϕ
(1.421)

−0.053**
(0.023)

−3.530ϕ
(1.621)

Observations 206,477 206,477 206,477
Log-Likelihood (0) −548,806 −548,806 −548,806
Log-Likelihood −322,742 −322,723 −322,906

Abbreviations- BMI body mass index, ECD expanded criteria donor, CMS Centers for Medicare and Medicaid Services, CoP Conditions of
Participation. Standard errors are reported in parentheses. †Marginal effects are estimated using a simulation method similar to the Krinsky, Robb
[61] and Krinsky, Robb [62] method used for elasticity calculations. We take 1000 draws from the parameter distribution and estimate the change in
probability resulting from a 1% change in the covariates for continuous variables and a shift from 0 to 1 for binary variables in the regression. Our results
allow to construct 95% confidence intervals that we use to estimate statistical significance. Inference: *** p < 0.01, ** p < 0.05, * p < 0.1; ϕ indicates
statistically significant at >95% level
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for 1-year patient survival outcome to a high of 7.1% for 1-
year graft survival outcome in the 95th percentile of dis-
tances choice set.

6.2 Sorting equilibrium model

The results from the sorting equilibrium model are present-
ed in Tables 3 and 4. Table 3 presents the parameter esti-
mates for β and γ and Table 4 presents the second-stage
decomposition of the center and time-specific constants,
δjt, captured by Eq. 2. The results from our first stage are
similar to those observed in the conditional logit model
with some notable exceptions. The positive effects estimat-
ed for the percentage of white, black, and female patients at
a center in the conditional logit model have flipped to neg-
ative and statistically significant effects in both choice sets
for the proportion of female and in the more restrictive
choice set for the proportion of white patients (Table 3).
The coefficients on average age, BMI and proportion of
highly sensitized patients also change to statistically sig-
nificant and positive effects in the first-stage sorting equi-
librium model relative to the conditional logit. These dif-
ferences, are driven by the center-time-level fixed effects,
δjt, which control for center-specific heterogeneity.

The decomposition of the center-level fixed effects in
Table 4 indicates that centers with a higher proportion of
female patients–only statistically significant in the 90th
percentile choice set model—larger proportions of white
and black patients, as well as a higher number of ECD
transplants have a higher δjt. Factors that reduce the fixed
effect, δjt, level include having relatively older patients,
patients with a higher BMI on average, a higher percentage
of highly sensitized or diabetic patients, and a higher num-
ber of kidney donors in the donation area. A negative re-
port card has no impact on patient sorting across transplant
centers post-CoP, in both choice set models (Table 4).
Nonetheless, the time effect measured with the post-CoP
variable has a negative and significant effects on δjt across
all quality measures. Lastly, we observe a strong degree of
congestion (ρ) in the 90th percentile choice set model in-
dicating that an increase in the number of patients selecting
a center in a given time period reduces the probability that
another patient will select that center. Though we also es-
timate congestion in the more flexible model, the parame-
ters are not statistically different from zero.

6.3 Test for heterogeneous treatment effects across
centers’ perceived level of risk

After allowing for the impact of the regulation to vary with
the center’s perceived level of risk, in the post-CoP period,

we find that a higher number of ECD transplants and a
higher proportion of highly sensitized and diabetic patients
increase the probability of a center being chosen when
quality standards are not met in the models considering
performance on either survival measure or on just the pa-
tient survival outcomes in both choice models (Table 5).
While, the estimated effects for a higher proportion of pa-
tients with diabetes remain positive on the likelihood of a
center’s choice when the center has a negative report card
for the 1-year graft survival measure, the effects of ECD
transplants and proportion of highly sensitized patients be-
come negative and statistically significant for that perfor-
mance measure.

In sum, the parameter estimates from the conditional
logit model do not provide a clear pattern of behavioral
response when we allow the effect of low-performance
designation in the post-regulation period to vary with pa-
tient risk covariates (Table 5). The results from the sorting
equilibrium model generate a slightly more consistent be-
havioral response (Tables 6 and 7). Focusing on the first-
stage sorting equilibrium results in Table 6, in the post-
CMS period, the proportion of highly sensitized patients
has positive effects by increasing the likelihood of center
choice, while the number of ECD transplants and the pro-
portion of diabetic patients have negative effects on center
choice in presence of negative report cards in both choice
set specifications (Table 6). We estimate strong congestion
effects in the more restrictive (90th percentile) choice mod-
el: the coefficients on the share (ρ) variable are negative
and statistically significant (Table 7). Therefore, at this
spatial resolution of choice, another patient’s selection of
a center has a negative impact on one’s own center selec-
tion. Congestion would likely be accentuated by multiple
listings which are not included in our analyses. In such a
case, our estimates constitute lower bound estimates. The
congestion effects completely dissipate in the more flexible
model as the estimated coefficients on the share variable
become positive, higher in magnitude and statistically
significant.

In order to test sensitivity of our results to the choice
set assumption made, we estimate results using the 75th
percentile of distances traveled (Appendix Tables 8, 9, 10,
11) with an average of 6.4 centers available to each pa-
tient that corresponds approximately to a 74-mile buffer.
The results (Appendix Table 11) are consistent with those
observed from the 90th percentile of distances traveled.
Interestingly, the rapid increase in the number of center
alternatives in the choice set (from 12.5 to 19.3 in the
90th percentile and 95th percentile of distances choice
sets, respectively) reduces the stronger congestion effects
estimated in the more restrictive choice models.
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7 Conclusion

Healthcare report cards allow patients and referring phy-
sicians to make better informed decisions and seek to
stimulate increases in healthcare quality, whereas regula-
tory oversight increases accountability of providers while
stimulating improved quality. Using a unique dataset on a
decision environment where healthcare quality informa-
tion is critical—organ transplantation—and where report
card information imposes a binding constraint on pro-
viders following regulation, we investigate whether addi-
tional regulatory oversight by the CMS influences patient
sorting via changes in patient volume.

Using a before-and-after estimation strategy, we control for
the impact that the report cards have on patient sorting and sep-
arate the impact of the binding regulatory constraint. Our condi-
tional logit results provide support for the hypothesis that a bind-
ing regulatory constraint increases consumer and possibly pro-
vider response to healthcare quality report cards. However, when
we control for the endogenous sorting of patients across centers
as well as center-level heterogeneity in a sorting equilibrium
model, we find that the additional regulatory oversight does not
impact patient sorting on average. This not only highlights the
importance of controlling for center-level heterogeneity as it is
found to significantly influence center choice, but also suggests
that adding a regulatory constraint to existing healthcare report

Table 3 The effect of regulatory-binding report cards on patient selection of a transplant center: first stage of the sorting equilibrium model

90th Percentile of Distance Traveled (158-Mile
Buffer)

95th Percentile of Distance Traveled (232-Mile
Buffer)

Variable Coeff. Marg. Eff.† Coeff. Marg. Eff.

Distance −56.931***
(0.149)

−1.222ϕ

(0.003)
−47.845***
(0.107)

−1.329ϕ

(0.003)

Average age of patients 7.243***
(0.186)

2.034ϕ

(0.052)
7.526***
(0.176)

2.391ϕ

(0.051)

Proportion of white patients −5.037***
(0.043)

−1.207ϕ

(0.011)
−3.089***
(0.039)

−0.795ϕ

(0.011)

Proportion of black patients −3.107***
(0.047)

−0.605ϕ

(0.010)
−1.745***
(0.043)

−0.364ϕ

(0.010)

Proportion of female patients −2.373***
(0.076)

−0.570ϕ

(0.018)
−2.497***
(0.070)

−0.622ϕ

(0.017)

Average BMI of patients 12.829***
(0.155)

1.982ϕ

(0.023)
7.815***
(0.150)

1.122ϕ

(0.023)

ECD transplants in past year 0.289***
(0.028)

0.022ϕ

(0.002)
0.362***
(0.026)

0.031ϕ

(0.002)

Proportion of highly sensitized patients 2.133***
(0.096)

0.057ϕ

(0.003)
2.204***
(0.089)

0.053ϕ

(0.003)

Proportion of patients with diabetes 2.696***
(0.051)

0.269ϕ

(0.005)
2.722***
(0.048)

0.268ϕ

(0.005)

Annual kidney donors in donation area 0.740***
(0.006)

0.925ϕ

(0.007)
0.686***
(0.005)

0.881ϕ

(0.006)

Observations 196,318 206,477

Log-Likelihood (0) −376,365 −487,926
Log-Likelihood −241,142 −274,893

Abbreviations- BMI body mass index, ECD expanded criteria donor. Standard errors are reported in parentheses. †Marginal effects are estimated using a
simulation method similar to the Krinsky, Robb [61] and Krinsky, Robb [62] method used for elasticity calculations. We take 1000 draws from the
parameter distribution and estimate the change in probability resulting from a 1% change in the covariates for continuous variables and a shift from 0 to 1
for binary variables in the regression. Our results allow to construct 95% confidence intervals that we use to estimate statistical significance. Inference:
*** p < 0.01, ** p < 0.05, * p < 0.1; ϕ indicates statistically significant at >95% level
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cards may not impact overall patient sorting. The null results
estimated could occur if changes in patient volume associated
with competing factors negate each other. Our estimates would
be justified if patient demand for transplantation continue to in-
crease across all centers over time, regardless of quality perfor-
mance designation, as the proportion of ESRD incident cases
increases [11], but that increase is muted by low-performing

centers being increasingly selective of patients they register on
their waiting list. It could also be that the regulation influences
sorting of specific types of patients which may not be detectable
in the general population or that all centers, regardless of quality
performance, are becoming increasingly risk averse as suggested
by the negative and statistically significant effects estimated for
the post-CMS CoP variable.

Table 4 The effect of regulatory-binding report cards on patient selection of a transplant center: second stage of the sorting equilibrium model

90th Percentile of Distances Traveled (158-Mile Buffer) 95th Percentile of Distances Traveled (232-Mile Buffer)

Variable Either Graft or Patient
Survival Rate

Graft Survival
Rate

Patient Survival
Rate

Either Graft or
Patient Survival Rate

Graft Survival
Rate

Patient Survival
Rate

Coeff. Coeff. Coeff. Coeff. Coeff. Coeff.

Constant 9.703*** 9.692*** 9.738*** 9.232*** 9.242*** 9.268***

(0.925) (0.925) (0.925) (1.194) (1.193) (1.194)

Average age of patients −12.407*** −12.333*** −12.509*** −4.737* −4.736* −4.765*
(1.706) (1.706) (1.705) (2.195) (2.193) (2.193)

Proportion of white patients 3.070*** 3.062*** 3.070*** 4.290*** 4.294*** 4.281***

(0.253) (0.253) (0.253) (0.322) (0.322) (0.322)

Proportion of black patients 0.907*** 0.904*** 0.898*** 1.904*** 1.892*** 1.880***

(0.248) (0.247) (0.247) (0.320) (0.320) (0.320)

Proportion of female patients 2.763*** 2.731*** 2.746*** 0.338 0.326 0.258

(0.650) (0.650) (0.649) (0.829) (0.829) (0.829)

Average BMI of patients −13.037*** −13.094*** −12.894*** −15.406*** −15.487*** −15.296***
(2.322) (2.319) (2.319) (2.984) (2.978) (2.981)

ECD transplants in past year 7.230*** 7.248*** 7.283*** 7.630*** 7.591*** 7.711***

(0.708) (0.709) (0.709) (0.971) (0.970) (0.973)

Proportion of highly
sensitized patients

−6.250*** −6.234*** −6.249*** −6.144*** −6.105*** −6.108***
(0.962) (0.962) (0.962) (1.243) (1.242) (1.243)

Proportion of patients
with diabetes

−3.642*** −3.662*** −3.619*** −6.957*** −6.959*** −6.937***
(0.545) (0.545) (0.545) (0.708) (0.707) (0.707)

Annual kidney donors
in donation area

−0.544*** −0.545*** −0.547*** −0.571*** −0.566*** −0.581***
(0.045) (0.045) (0.045) (0.058) (0.058) (0.058)

Negative report card 0.021 0.164 −0.132 −0.178 −0.121 −0.288
(0.194) (0.227) (0.241) (0.251) (0.293) (0.312)

Post CMS CoP −3.172*** −3.163*** −3.209*** −5.023*** −5.002*** −5.079***
(0.131) (0.129) (0.129) (0.169) (0.167) (0.166)

Negative report card*
post CMS CoP

−0.111 −0.244 0.255 −0.142 −0.429 0.455

(0.271) (0.314) (0.340) (0.350) (0.405) (0.440)

Shares (ρ)† −41.580*** −41.573*** −42.176*** −4.699 −4.790 −4.269
(13.511) (13.527) (13.550) (14.979) (14.999) (14.991)

Observations 3304 3304 3304 3308 3308 3308

R-squared 0.488 0.488 0.488 0.554 0.555 0.554

Abbreviations- BMI body mass index, ECD expanded criteria donor, CMS Centers for Medicare and Medicaid Services, CoP Conditions of
Participation. Standard errors are reported in parentheses. †The parameter ρ is the share of patients that have selected a particular transplant center in
a particular time period and the corresponding coefficient reported captures the degree of congestion (−) or agglomeration (+). Inference: *** p < 0.01, **
p < 0.05, * p < 0.1
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Table 5 The effect of regulatory-binding report cards on patient selection of a transplant center: conditional logit model with risk factor interaction
terms

Panel A: 90th percentile of distances traveled (158-Mile Buffer)

Either Graft or Patient
Survival Rate

Graft Survival Rate Patient Survival Rate

Variable Coeff. Marg. Eff.† Coeff. Marg. Eff. Coeff. Marg. Eff.

Distance −46.411***
(0.138)

−1.143ϕ

(0.003)
−46.414***
(0.138)

−1.142ϕ

(0.003)
−46.432***
(0.138)

−1.143ϕ

(0.003)
Average age of patients −0.312**

(0.139)
−0.059
(0.042)

−0.322**
(0.139)

−0.102ϕ

(0.040)
−0.195
(0.140)

−0.061
(0.044)

Proportion of white patients 1.760***
(0.038)

0.479ϕ

(0.011)
1.807***
(0.038)

0.491ϕ

(0.011)
1.764***
(0.038)

0.479ϕ

(0.011)
Proportion of black patients 0.767***

(0.041)
0.166ϕ

(0.009)
0.793***
(0.041)

0.172ϕ

(0.009)
0.771***
(0.041)

0.167ϕ

(0.009)
Proportion of female patients 0.528***

(0.044)
0.139ϕ

(0.012)
0.530***
(0.044)

0.143ϕ

(0.011)
0.516***
(0.044)

0.139ϕ

(0.011)
Average BMI of patients −1.284***

(0.136)
−0.231ϕ

(0.023)
−1.251***
(0.136)

−0.213ϕ

(0.025)
−1.355***
(0.135)

−0.231ϕ

(0.024)
ECD transplants in past year 3.979***

(0.035)
0.334ϕ

(0.003)
3.880***
(0.033)

0.322ϕ

(0.003)
4.023***
(0.035)

0.334ϕ

(0.003)
Proportion of highly sensitized patients −2.218***

(0.119)
−0.064ϕ

(0.004)
−2.174***
(0.118)

−0.065ϕ

(0.004)
−2.129***
(0.118)

−0.064ϕ

(0.003)
Proportion of patients with diabetes 1.402***

(0.072)
0.155ϕ

(0.008)
1.302***
(0.071)

0.145ϕ

(0.008)
1.401***
(0.072)

0.156ϕ

(0.008)
Annual kidney donors in donation area 0.070***

(0.005)
0.093ϕ

(0.007)
0.073***
(0.005)

0.100ϕ

(0.007)
0.068***
(0.005)

0.093ϕ

(0.007)
Negative report card −0.143***

(0.034)
0.964
(2.133)

−0.300***
(0.042)

−17.733ϕ

(2.227)
0.015
(0.047)

1.171
(3.043)

Negative report card * post CMS CoP −0.293***
(0.061)

−22.750ϕ

(2.908)
−0.051
(0.075)

2.900
(4.822)

−0.406***
(0.078)

−22.773ϕ

(3.757)
Post CMS CoP * ECD transplants in past year −0.164***

(0.049)
−0.013ϕ

(0.004)
−0.031
(0.047)

−0.003
(0.004)

−0.151**
(0.048)

−0.013ϕ

(0.004)
Post CMS CoP * proportion of

highly sensitized patients
3.326***
(0.165)

0.101ϕ

(0.005)
3.533***
(0.163)

0.111ϕ

(0.005)
3.228***
(0.163)

0.102ϕ

(0.005)
Post CMS CoP * proportion

of patients with diabetes
−1.703***
(0.090)

−0.268ϕ

(0.014)
−1.633***
(0.089)

−0.263ϕ

(0.015)
−1.673***
(0.089)

−0.269ϕ

(0.014)
Negative report card * ECD

transplants in past year
−0.114
(0.116)

−0.005ϕ

(0.001)
1.761***
(0.234)

0.006ϕ

(0.001)
−0.715***
(0.139)

−0.004ϕ

(0.001)
Negative report card * proportion of highly

sensitized patients
2.276***
(0.438)

0.007ϕ

(0.001)
3.379***
(0.562)

0.006ϕ

(0.001)
2.495***
(0.558)

0.005ϕ

(0.001)
Negative report card * proportion of patients

with diabetes
−1.006***
(0.179)

−0.011ϕ

(0.002)
−1.489***
(0.213)

−0.011ϕ

(0.002)
−1.073***
(0.235)

−0.007ϕ

(0.002)
Post CMS CoP * negative report card * ECD

transplants in past year
0.615***
(0.184)

0.006ϕ

(0.001)
−1.657***
(0.289)

−0.007ϕ

(0.001)
0.911***
(0.228)

0.004ϕ

(0.001)
Post CMS CoP * negative report card *

proportion of highly sensitized patients
0.207
(0.549)

0.006ϕ

(0.002)
−4.187***
(0.736)

−0.010ϕ

(0.002)
1.836**
(0.685)

0.004ϕ

(0.002)
Post CMS CoP * negative report card *

proportion of patients with diabetes
1.194***
(0.241)

0.015ϕ

(0.004)
1.882***
(0.284)

0.020ϕ

(0.003)
0.972***
(0.304)

0.009ϕ

(0.003)

Observations 196,318 196,318 196,318
Log-Likelihood (0) −429,655 −429,655 −429,655
Log-Likelihood −279,514 −279,494 −279,582

Panel B: 95th Percentile of Distances Traveled (232-Mile Buffer)

Either Graft or Patient
Survival Rate

Graft Survival Rate Patient Survival Rate

Variable Coeff. Marg. Eff. Coeff. Marg. Eff. Coeff. Marg. Eff.

Distance −38.657***
(0.099)

−1.240ϕ

(0.003)
−38.656***
(0.099)

−1.240ϕ

(0.003)
−38.672***
(0.099)

−1.240ϕ

(0.003)
Average age of patients 0.057

(0.133)
0.061
(0.042)

0.041
(0.133)

0.012
(0.041)

0.182
(0.133)

0.059
(0.044)
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We estimate our regression models using two choice sets
dictated by the distribution of distances travelled by patients to
their transplant centers of choice. The first, the restrictive choice
set, includes centers within the 90th percentile of distances trav-
eled (a 158-mile distance buffer) and the second expand the
choice set to include centers within the 95th percentile of dis-
tances traveled (a 232-mile distance buffer). Our choice sets are
at both ends of the distributionwhen comparedwith the 200-mile
distance buffer specification utilized by Howard, Kaplan [36]
and the results from the conditional logit models in our main

specification are consistent with findings in Howard, Kaplan
[36]. Nonetheless, our sorting equilibrium model results imply
that their findings aremostly driven by center-level heterogeneity
which is not accounted for in their study.

The differences between the two choice sets considered pri-
marily result from the expansion of choices between these two
models. These results coupled with those estimated when using
the 75th percentile of distances suggest that one’s assumption
regarding the “true” choice set for a patient matters when esti-
mating the role of information in this setting. In theory, restricted

Table 5 (continued)

Proportion of white patients 1.531***
(0.035)

0.439ϕ

(0.010)
1.575***
(0.035)

0.451ϕ

(0.010)
1.534***
(0.035)

0.439ϕ

(0.010)
Proportion of black patients 0.621***

(0.037)
0.142ϕ

(0.008)
0.641***
(0.037)

0.146ϕ

(0.009)
0.628***
(0.037)

0.142ϕ

(0.009)
Proportion of female patients 0.650***

(0.041)
0.179ϕ

(0.012)
0.646***
(0.041)

0.183ϕ

(0.011)
0.630***
(0.041)

0.178ϕ

(0.011)
Average BMI of patients −1.390***

(0.131)
−0.260ϕ

(0.023)
−1.360***
(0.131)

−0.243ϕ

(0.025)
−1.449***
(0.131)

−0.259ϕ

(0.024)
ECD transplants in past year 4.041***

(0.033)
0.355ϕ

(0.003)
3.957***
(0.032)

0.345ϕ

(0.003)
4.086***
(0.033)

0.356ϕ

(0.003)
Proportion of highly sensitized patients −2.589***

(0.112)
−0.081ϕ

(0.004)
−2.551***
(0.112)

−0.082ϕ

(0.004)
−2.523***
(0.112)

−0.081ϕ

(0.003)
Proportion of patients with diabetes 1.092***

(0.068)
0.127ϕ

(0.008)
1.007***
(0.067)

0.118ϕ

(0.008)
1.090***
(0.068)

0.128ϕ

(0.008)
Annual kidney donors in donation area 0.064***

(0.004)
0.089ϕ

(0.006)
0.066***
(0.004)

0.094ϕ

(0.006)
0.063***
(0.004)

0.089ϕ

(0.006)
Negative report card −0.172***

(0.032)
−5.796ϕ

(1.989)
−0.263***
(0.040)

−16.436ϕ

(2.224)
−0.089**
(0.044)

−5.611ϕ

(2.801)
Negative report card * post CMS CoP −0.342***

(0.059)
−26.425ϕ

(2.929)
−0.040
(0.072)

−2.322
(4.863)

−0.448***
(0.075)

−26.464ϕ

(3.773)
Post CMS CoP * ECD transplants in past year −0.193***

(0.046)
−0.016ϕ

(0.004)
−0.060
(0.045)

−0.006
(0.004)

−0.173***
(0.046)

−0.016ϕ

(0.004)
Post CMS CoP * proportion of highly sensitized patients 3.022***

(0.153)
0.099ϕ

(0.005)
3.261***
(0.151)

0.110ϕ

(0.005)
2.943***
(0.152)

0.099ϕ

(0.005)
Post CMS CoP * proportion of patients with diabetes −1.236***

(0.085)
−0.207ϕ

(0.014)
−1.155***
(0.084)

−0.196ϕ

(0.015)
−1.226***
(0.084)

−0.208ϕ

(0.014)
Negative report card * ECD transplants in past year 0.034

(0.111)
0.003ϕ

(0.001)
1.503***
(0.220)

0.005ϕ

(0.001)
−0.385***
(0.132)

−0.002ϕ

(0.001)
Negative report card * proportion of highly sensitized patients 1.532***

(0.398)
0.007ϕ

(0.001)
1.850***
(0.507)

0.004ϕ

(0.001)
2.284***
(0.500)

0.005ϕ

(0.001)
Negative report card * proportion of patients with diabetes −0.879***

(0.168)
−0.010ϕ

(0.002)
−1.330***
(0.199)

−0.010ϕ

(0.002)
−0.938***
(0.218)

−0.006ϕ

(0.001)
Post CMS CoP * negative report card * ECD transplants in past year 0.699***

(0.177)
0.005ϕ

(0.001)
−1.265***
(0.274)

−0.005ϕ

(0.001)
0.790***
(0.218)

0.003ϕ

(0.001)
Post CMS CoP * negative report card * proportion of highly
sensitized patients

1.386***
(0.507)

0.010ϕ

(0.002)
−2.648***
(0.676)

−0.006ϕ

(0.002)
2.748***
(0.623)

0.007ϕ

(0.002)
Post CMS CoP * negative report card * proportion of patients with
diabetes

1.043***
(0.229)

0.017ϕ

(0.003)
1.372***
(0.270)

0.015ϕ

(0.003)
1.079***
(0.287)

0.010ϕ

(0.003)

Observations 206,477 206,477 206,477
Log-Likelihood (0) −549,538 −549,538 −549,538
Log-Likelihood −322,610 −322,625 −322,725

Abbreviations- BMI body mass index, ECD expanded criteria donor, CMS Centers for Medicare and Medicaid Services, CoP Conditions of
Participation. Standard errors are reported in parentheses. †Marginal effects are estimated using a simulation method similar to the Krinsky, Robb [61]
and Krinsky, Robb [62] method used for elasticity calculations. We take 1000 draws from the parameter distribution and estimate the change in
probability resulting from a 1% change in the covariates for continuous variables and a shift from 0 to 1 for binary variables in the regression. Our results
allow to construct 95% confidence intervals that we use to estimate statistical significance. Inference: *** p < 0.01, ** p < 0.05, * p < 0.1; ϕ indicates
statistically significant at >95% level
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Table 6 The effect of regulatory-binding report cards on patient selection of a transplant center: first stage of the sorting equilibrium model with risk
factor interaction terms

Panel A: 90th percentile of distances traveled (158-Mile Buffer)

Either Graft or Patient
Survival Rate

Graft Survival Rate Patient Survival Rate

Variable Coeff. Marg. Eff.† Coeff. Marg. Eff. Coeff. Marg.Eff.

Distance −57.004***
(0.149)

−1.223ϕ
(0.003)

−56.937***
(0.149)

−1.222ϕ
(0.003)

−56.954***
(0.149)

−1.222ϕ
(0.003)

Average age of patients 8.295***
(0.188)

2.333ϕ

(0.057)
7.576***
(0.189)

2.133ϕ

(0.055)
7.562***
(0.188)

2.131ϕ

(0.053)
Proportion of white patients −5.259***

(0.044)
−1.260ϕ
(0.010)

−4.904***
(0.044)

−1.175ϕ
(0.011)

−5.098***
(0.044)

−1.221ϕ
(0.011)

Proportion of black patients −3.302***
(0.047)

−0.643ϕ
(0.009)

−3.450***
(0.047)

−0.671ϕ
(0.010)

−3.577***
(0.047)

−0.696ϕ
(0.010)

Proportion of female patients −2.531***
(0.076)

−0.608ϕ
(0.018)

−2.554***
(0.076)

−0.614ϕ
(0.018)

−2.545***
(0.076)

−0.612ϕ
(0.019)

Average BMI of patients 8.355***
(0.156)

1.287ϕ

(0.024)
9.895***
(0.156)

1.524ϕ

(0.025)
9.777***
(0.156)

1.505ϕ

(0.024)
ECD transplants in past year 0.658***

(0.041)
0.050ϕ

(0.003)
0.704***
(0.040)

0.053ϕ

(0.003)
0.575***
(0.041)

0.043ϕ

(0.003)
Proportion of highly sensitized patients 2.833***

(0.139)
0.076ϕ

(0.004)
3.472***
(0.138)

0.093ϕ

(0.004)
3.578***
(0.138)

0.096ϕ

(0.004)
Proportion of patients with diabetes 5.963***

(0.083)
0.596ϕ

(0.008)
5.726***
(0.082)

0.573ϕ

(0.008)
6.088***
(0.083)

0.609ϕ

(0.008)
Annual kidney donors in donation area 2.432***

(0.006)
3.074ϕ

(0.007)
0.886***
(0.006)

1.108ϕ

(0.007)
0.892***
(0.006)

1.115ϕ

(0.007)
Negative report card * ECD transplants in past year 0.451

(0.102)
0.032ϕ

(0.007)
0.351
(0.213)

0.019
(0.012)

1.462***
(0.115)

0.114ϕ

(0.009)
Negative report card * highly sensitized 1.269**

(0.347)
0.037ϕ

(0.011)
−1.016**
(0.445)

−0.031ϕ
(0.013)

1.733***
(0.410)

0.053ϕ

(0.013)
Negative report card * proportion with diabetes −1.426

(0.165)
−0.159ϕ
(0.019)

−0.304
(0.198)

−0.037
(0.023)

−1.506***
(0.229)

−0.150ϕ
(0.024)

Post CMS CoP * ECD transplants in past year −0.737***
(0.056)

−0.060ϕ
(0.005)

−0.802***
(0.055)

−0.065ϕ
(0.004)

−0.645***
(0.056)

−0.052ϕ
(0.004)

Post CMS CoP * proportion of highly sensitized patients −0.318***
(0.185)

−0.009
(0.006)

−1.422***
(0.184)

−0.040ϕ
(0.005)

−1.298***
(0.184)

−0.037ϕ
(0.006)

Post CMS CoP * proportion with diabetes −5.644***
(0.098)

−0.817ϕ
(0.013)

−5.222***
(0.097)

−0.757ϕ
(0.014)

−5.370***
(0.098)

−0.778ϕ
(0.014)

Post CMS CoP * negative report card * ECD
transplants in past year

−1.651***
(0.181)

−0.108ϕ
(0.012)

−0.825***
(0.274)

−0.054ϕ
(0.018)

−3.246***
(0.223)

−0.210ϕ
(0.013)

Post CMS CoP * negative report card * highly sensitized 1.551***
(0.454)

0.054ϕ

(0.015)
4.896***
(0.591)

0.182ϕ

(0.022)
2.253***
(0.535)

0.079ϕ

(0.018)
Post CMS CoP * negative report card *

proportion with diabetes
−0.105**
(0.193)

−0.015
(0.032)

−0.501**
(0.231)

−0.088ϕ
(0.039)

−0.056
(0.260)

−0.009
(0.036)

Observations 196,318 196,318 196,318
Log-Likelihood (0) −376,468 376,468 376,468
Log-Likelihood −241,108 −241,107 −241,102

Panel B: 95th percentile of distances traveled (232-Mile Buffer)

Either Graft or Patient
Survival Rate

Graft Survival Rate Patient Survival Rate

Variable Coeff. Marg. Eff. Coeff. Marg. Eff. Coeff. Marg.Eff.

Distance −47.825***
(0.106)

−1.331ϕ
(0.003)

−47.846***
(0.106)

−1.331ϕ
(0.003)

−47.827***
(0.106)

−1.331ϕ
(0.003)

Average age of patients 7.665***
(0.179)

2.258ϕ

(0.057)
7.390***
(0.179)

2.181ϕ

(0.054)
7.368***
(0.179)

2.177ϕ

(0.053)
Proportion of white patients −3.529***

(0.041)
−0.894ϕ
(0.010)

−3.664***
(0.040)

−0.927ϕ
(0.011)

−3.473***
(0.041)

−0.880ϕ
(0.011)

Proportion of black patients −2.130***
(0.044)

−0.434ϕ
(0.009)

−2.349***
(0.044)

−0.478ϕ
(0.010)

−2.090***
(0.044)

−0.426ϕ
(0.009)

Proportion of female patients −2.464***
(0.070)

−0.621ϕ
(0.018)

−2.486***
(0.070)

−0.627ϕ
(0.017)

−2.480***
(0.070)

−0.626ϕ
(0.018)

Average BMI of patients 6.116***
(0.151)

0.989ϕ

(0.024)
7.432***
(0.151)

1.201ϕ

(0.025)
6.779***
(0.151)

1.094ϕ

(0.024)
ECD transplants in past year 0.651***

(0.039)
0.051ϕ

(0.003)
0.757***
(0.038)

0.060ϕ

(0.003)
0.625***
(0.039)

0.049ϕ

(0.003)
Proportion of highly sensitized patients 1.835***

(0.128)
0.052ϕ

(0.004)
2.846***
(0.128)

0.081ϕ

(0.004)
2.000***
(0.128)

0.057ϕ

(0.003)
Proportion of patients with diabetes 5.598***

(0.078)
0.589ϕ

(0.008)
5.399***
(0.077)

0.568ϕ

(0.008)
5.489***
(0.078)

0.578ϕ

(0.008)
Annual kidney donors in donation area 0.630*** 0.810ϕ 0.675*** 0.868ϕ 0.640*** 0.823ϕ
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choice-set models assume less informational flows whereas in
larger choice-set models more information is present.
Nonetheless results suggest that the impact of informational
flows is already attained in our restricted choice set and more
information beyondwhat already existsmay not add any value to
the patient’s response. This finding raises the question of what
would be the appropriate choice set assumption because that
assumption substantially affects the impact of the binding regu-
lation on the results.

Our findings in the sorting equilibrium model, showing that
when the impact of the regulation is allowed to varywith changes
in risk factors, patients are less likely to register at low-
performing centers post-CoP if these centers conducted a higher
number of ECD transplants, have important implications for pol-
icy. These results provide some evidence for risk aversion of
“more aggressive” centers following the regulation and suggest
that patients are more likely to end up at centers that are less
aggressive with their organ utilization policies, potentially gener-
ating longer waiting times for these patients. Moreover, gravita-
tion toward centers that have a higher rate of highly sensitized
patients implies further stress for these centers because such pa-
tients are more difficult to find suitable organ matches and they
experience a higher rate of graft survival failure, further exacer-
bating the centers’ risk profile.

Our study has several limitations. First, we only study the
binding nature of report cards in patient selection of
kidney transplant centers, though the CMS CoPs also apply to
liver transplant centers. Nonetheless, our analyses have important
implications because kidney is the most transplanted solid organ

in the U.S. [65] and Medicare fee-for-service spending for ben-
eficiaries with ESRD—counting 511,270 beneficiaries in 2016
and representing less than 1% of total Medicare beneficiaries—
rose from $33.8 billion to $35.4 billion from 2015 to 2016 (7.2%
of total Medicare spending) [11]. Second, patients’ decisions to
get on a waiting list may also depend on their willingness to
pursue a transplantation, medical limitations, financial concerns,
timely referral to a transplant center, and health literacy (e.g.
information obtained from their referring physician such as the
history of a center’s deactivations, information on the potential
benefits of the evaluation and transplantation process) [5–7]. In
our study focusing on revealed (i.e. actual observed) preferences,
we are unable to measure or account for such factors with the
registry data used but rather examine data available for those that
successfully completed the evaluation process to be placed on the
waiting list for transplantation. Further studies surveying patients
may help better understand their preferences about the transplan-
tation process and better gauge consumer choice in response to
quality ratings. Third, we investigate the impact of the CMS
CoPs on selection of transplant centers in the short run and study
variation in these effects across different choice set assumptions.
However, the CMS CoPs may also have long-run effects on
centers’ risk aversion of high-risk patients. Fourth, we are unable
to directly measure the extent to which potential provider’s risk-
aversion may influence patient sorting in the post-CMS regula-
tion period. However, there is increasing evidence alluding to
this unintended and problematic provider behavior [19, 21–23].
Additionally, our findings suggesting sorting away from low-
performing centers that conduct more ECD transplants and

Table 6 (continued)

(0.005) (0.006) (0.005) (0.006) (0.005) (0.006)
Negative report card * ECD transplants in past year 0.394***

(0.098)
0.029ϕ

(0.008)
0.491**
(0.202)

0.028ϕ

(0.012)
1.013***
(0.109)

0.082ϕ

(0.008)
Negative report card * highly sensitized 1.011***

(0.314)
0.033ϕ

(0.011)
−2.862***
(0.404)

−0.094ϕ
(0.013)

1.045***
(0.372)

0.035ϕ

(0.013)
Negative report card * proportion with diabetes −1.063***

(0.155)
−0.125ϕ
(0.019)

0.136
(0.187)

0.018
(0.023)

−1.250***
(0.213)

−0.131ϕ
(0.023)

Post CMS CoP * ECD transplants in past year −0.582***
(0.054)

−0.049ϕ
(0.005)

−0.809***
(0.053)

−0.069ϕ
(0.004)

−0.625***
(0.054)

−0.053ϕ
(0.004)

Post CMS CoP * proportion of highly sensitized patients −0.073
(0.171)

−0.002ϕ
(0.005)

−1.378***
(0.170)

−0.041ϕ
(0.005)

−0.290*
(0.170)

−0.009
(0.005)

Post CMS CoP * proportion with diabetes −5.170***
(0.093)

−0.789ϕ
(0.013)

−4.735***
(0.092)

−0.723ϕ
(0.014)

−4.986***
(0.092)

−0.761ϕ
(0.014)

Post CMS CoP * negative report card * ECD transplants in past year −1.239***
(0.175)

−0.083ϕ
(0.012)

−1.154***
(0.263)

−0.077ϕ
(0.018)

−2.315***
(0.214)

−0.156ϕ
(0.013)

Post CMS CoP * negative report card * highly sensitized 1.224***
(0.417)

0.045ϕ

(0.015)
6.932***
(0.548)

0.271ϕ

(0.021)
1.916***
(0.492)

0.073ϕ

(0.018)
Post CMS CoP * negative report card * proportion with diabetes −0.439**

(0.181)
−0.072ϕ
(0.032)

−1.657***
(0.219)

−0.302
(0.039)

−0.175
(0.243)

−0.028
(0.035)

Observations 206,477 206,477 206,477
Log-Likelihood (0) −488,607 −488,607 −488,607
Log-Likelihood −274,984 −274,970 −274,982

Abbreviations- BMI body mass index, ECD expanded criteria donor, CMS Centers for Medicare and Medicaid Services, CoP Conditions of
Participation. Standard errors are reported in parentheses. †Marginal effects are estimated using a simulation method similar to the Krinsky, Robb
[61] and Krinsky, Robb [62] method used for elasticity calculations. We take 1000 draws from the parameter distribution and estimate the change in
probability resulting from a 1% change in the covariates for continuous variables and a shift from 0 to 1 for binary variables in the regression. Our results
allow to construct 95% confidence intervals that we use to estimate statistical significance. Inference: *** p < 0.01, ** p < 0.05, * p < 0.1; ϕ indicates
statistically significant at >95% level
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“worsened” patient matching if low-performing centers have
higher proportions of higher-risk patients post-regulation call
for more consideration. These findings should encourage policy
makers to consider improving incentives for low-performing
centers that implement innovative techniques and use lower qual-
ity organs to reduce the gap between the demand and supply for
transplantation.

Our results should not be construed to indicate that adding a
regulatory constraint would not increase the quality of healthcare

at transplant centers. They merely indicate that overall patient
sorting responds to the quality information similarly if there is a
binding regulation or not. In light of the results in the sorting
equilibrium model and other results on the association
between the CMS CoP regulation and changes in the trends of
kidney transplantation [18, 69, 70], we can conclude that the
regulation has amore noticeable impact on average on the supply
side of the market with a substantial decrease in transplant vol-
ume, and increased organ discard rates and waiting times to

Table 7 The effect of regulatory-binding report cards on patient selection of a transplant center: second stage of the sorting equilibriummodel with risk
factor interaction terms

90th Percentile of Distances Traveled (158-Mile Buffer) 95th Percentile of Distances Traveled (232-Mile Buffer)

Variable Either Graft or Patient
Survival Rate

Graft Survival
Rate

Patient Survival
Rate

Either Graft or Patient
Survival Rate

Graft Survival
Rate

Patient Survival
Rate

Coeff. Coeff. Coeff. Coeff. Coeff. Coeff.

Constant 9.880*** 8.230*** 8.249*** 8.364*** 8.487*** 8.509***

(1.025) (0.933) (0.937) (1.204) (1.211) (1.208)

Average age of patients −12.428*** −10.931*** −11.218*** −4.984*** −4.482*** −4.753***
(1.883) (1.718) (1.724) (2.223) (2.233) (2.227)

Proportion of white patients 2.774*** 2.752*** 2.819*** 4.940*** 5.115*** 4.917***

(0.281) (0.261) (0.262) (0.336) (0.338) (0.337)

Proportion of black patients 1.008*** 1.192*** 1.209*** 2.014*** 2.200*** 1.983***

(0.271) (0.247) (0.248) (0.320) (0.321) (0.320)

Proportion of female patients 2.205*** 2.657*** 2.630*** 1.041 1.062 0.999

(0.725) (0.664) (0.666) (0.845) (0.851) (0.847)

Average BMI of patients −8.580*** −10.269*** −9.781*** −15.232*** −17.030*** −15.895***
(2.551) (2.320) (2.328) (2.995) (3.012) (3.001)

ECD transplants in past year 6.299*** 5.855*** 5.915*** 6.480*** 6.426*** 6.545***

(0.555) (0.513) (0.513) (0.666) (0.670) (0.667)

Proportion of highly
sensitized patients

−8.060*** −7.114*** −7.291*** −6.843*** −7.188*** −6.814***
(1.063) (0.970) (0.974) (1.253) (1.261) (1.257)

Proportion of patients
with diabetes

−3.938*** −3.826*** −4.008*** −7.425*** −7.693*** −7.549***
(0.605) (0.552) (0.554) (0.712) (0.717) (0.713)

Annual kidney donors
in donation area

−1.810*** −0.664*** −0.670*** −0.612*** −0.656*** −0.634***
(0.055) (0.047) (0.047) (0.060) (0.061) (0.060)

Negative report card 0.005 0.172 −0.232 −0.120 0.094 −0.317
(0.215) (0.229) (0.244) (0.253) (0.298) (0.316)

Post CMS CoP −2.260*** −2.729*** −2.745*** −4.616*** −4.559*** −4.657***
(0.147) (0.132) (0.132) (0.172) (0.172) (0.170)

Negative report card*
Post CMS CoP

0.039 −0.310 0.555 0.176 −0.389 0.802

(0.299) (0.316) (0.345) (0.353) (0.411) (0.445)

Shares (ρ)† −49.114*** −28.651** −29.906** 79.816*** 83.407*** 82.702***

(11.092) (11.823) (11.498) (15.691) (15.768) (15.670)

Observations 3304 3304 3304 3308 3308 3308

R-squared 0.519 0.452 0.451 0.531 0.536 0.533

Abbreviations- BMI body mass index, ECD expanded criteria donor, CMS Centers for Medicare and Medicaid Services, CoP Conditions of
Participation. Standard errors are reported in parentheses. †The parameter ρ is the share of patients that have selected a particular transplant center in
a particular time period and the corresponding coefficient reported captures the degree of congestion (−) or agglomeration (+). Inference: *** p < 0.01, **
p < 0.05, * p < 0.1
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transplantation than it does on overall patient volume. Recent
changes to flagging criteria based on Bayesian methods, for ac-
curately assessing performance of transplant centers [71], have
resulted in fewer small-volume transplant programs (<10 trans-
plants per 2.5 year period) being flagged for low-performance.
This reduces potential “unfairness” of the evaluation method
investigated in our study toward smaller programs and may re-
duce risk aversion toward higher risk patients or donors, poten-
tially increasing access for higher-risk patients in these programs.
Moreover, with the recent addition of pre-transplant metrics to
report cards, informing patients on the likelihood of undergoing a
transplant at a particular center, and themove from a 3-tier to a 5-
tier quality rating of centers [8, 72] program-specific report cards
could further influence patient sorting across centers. Further
addressing concerns about the CMS CoPs becoming increasing-
ly stringent and transplant centers potentially discarding organs,
the CMS updated guidelines for solid transplant programs out-
come thresholds in 2016, putting programs with outcomes
(deaths or graft failures) above 185% (O/E > 1.85)—rather than
150% as in the 2007 CMS CoPs—at risk for decertification [73,

74]. It is important to further explore the impact of the revised
CMS CoP regulations on demand and supply of transplantation
following improvements in center performance assessment
methodology. Nonetheless, the COVID-19 pandemic comes
with new and greater challenges for the U.S. practice of trans-
plantation as many transplantation programs have been
suspended or working with operational restrictions and organ
donation has declined [75, 76], whereas the list of people waiting
for transplants continues to grow.
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Table 8 The effect of regulatory-binding report cards on patient selection of a transplant center: first stage of the sorting equilibrium model

75th Percentile of Distances Traveled (74-Mile Buffer)

Variable Coeff. Marg. Eff.†

Distance −94.538***
(0.389)

−1.028ϕ

(0.004)

Average age of patients 10.947***
(0.220)

2.729 ϕ

(0.053)

Proportion of white patients −5.857***
(0.052)

−1.187ϕ

(0.011)

Proportion of black patients −4.192***
(0.054)

−0.723ϕ

(0.010)

Proportion of female patients −2.621***
(0.091)

−0.555ϕ

(0.019)

Average BMI of patients 7.882***
(0.172)

1.065 ϕ

(0.022)

ECD transplants in past year 0.669***
(0.032)

0.046ϕ

(0.002)

Proportion of highly sensitized patients 2.431***
(0.121)

0.053ϕ

(0.003)

Proportion of patients with diabetes 3.112***
(0.058)

0.271ϕ

(0.005)

Annual kidney donors in donation area 2.091***
(0.009)

2.462ϕ

(0.011)

Observations 164,876

Log-Likelihood (0) −212,087
Log-Likelihood −168,010

Abbreviations- BMI body mass index, ECD expanded criteria donor, CMS Centers for Medicare and Medicaid Services, CoP Conditions of
Participation. Standard errors are reported in parentheses. †Marginal effects are estimated using a simulation method similar to the Krinsky, Robb
[62] and Krinsky, Robb [63] method used for elasticity calculations. We take 1000 draws from the parameter distribution and estimate the change in
probability resulting from a 1% change in the covariates for continuous variables and a shift from 0 to 1 for binary variables in the regression. Our results
allow to construct 95% confidence intervals that we use to estimate statistical significance. Inference: *** p < 0.01, ** p < 0.05, * p < 0.1; ϕ indicates
statistically significant at >95% level
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Table 9 The effect of regulatory-binding report cards on patient selection of a transplant center: second stage of the sorting equilibrium model

75th Percentile of Distances Traveled (74-Mile Buffer)

Variable Either Graft or Patient
Survival Rate

Graft Survival Rate Patient Survival Rate

Coeff. Coeff. Coeff.

Constant 10.431*** 10.432*** 10.453***

(1.227) (1.227) (1.227)

Average age of patients −6.811*** −6.768*** −6.786***
(2.256) (2.255) (2.254)

Proportion of white patients 1.617*** 1.617*** 1.605***

(0.335) (0.335) (0.335)

Proportion of black patients −0.864*** −0.870*** −0.881***
(0.330) (0.330) (0.330)

Proportion of female patients 2.960*** 2.949*** 2.901***

(0.880) (0.881) (0.879)

Average BMI of patients −12.715*** −12.778*** −12.716***
(3.045) (3.040) (3.041)

ECD transplants in past year 8.896*** 8.876*** 8.956***

(0.868) (0.868) (0.867)

Proportion of highly sensitized patients −2.680** −2.661** −2.662**
(1.274) (1.274) (1.273)

Proportion of patients with diabetes −8.537*** −8.536*** −8.533***
(0.735) (0.735) (0.734)

Annual kidney donors in donation area −1.326*** −1.325*** −1.333***
(0.061) (0.061) (0.060)

Negative report card −0.132 −0.080 −0.092
(0.258) (0.301) (0.321)

Post CMS CoP −1.074*** −1.064*** −1.099***
(0.174) (0.172) (0.171)

Negative report card*post CMS CoP −0.017 −0.141 0.275

(0.359) (0.416) (0.451)

Shares (ρ)† −62.515*** −62.275*** −62.585***
(14.560) (14.544) (14.532)

Observations 3294 3294 3294

R-squared 0.348 0.348 0.348

Abbreviations- BMI body mass index, ECD expanded criteria donor, CMS Centers for Medicare and Medicaid Services, CoP Conditions of
Participation. Standard errors are reported in parentheses. †The parameter ρ is the share of patients that have selected a particular transplant center in
a particular time period and the corresponding coefficient reported captures the degree of congestion (−) or agglomeration (+). Inference: *** p < 0.01, **
p < 0.05, * p < 0.1
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Table 10 The effect of regulatory-binding report cards on patient selection of a transplant center: first stage of the sorting equilibrium model with risk
factor interaction terms

75th Percentile of Distances Traveled (74-Mile Buffer)

Either Graft or Patient
Survival Rate

Graft Survival Rate Patient Survival Rate

Variable Coeff. Marg. Eff.† Coeff. Marg. Eff. Coeff. Marg.Eff

Distance −94.577***
(0.390)

−1.029ϕ

(0.005)
−94.565***
(0.390)

−1.028ϕ

(0.004)
−94.564***
(0.390)

−1.028ϕ

(0.004)

Average age of patients 9.934***
(0.224)

2.473ϕ

(0.059)
10.123***
(0.225)

2.526ϕ

(0.058)
9.705***
(0.224)

2.423ϕ

(0.058)

Proportion of white patients −6.349***
(0.052)

−1.286ϕ

(0.010)
−6.230***
(0.052)

−1.262ϕ

(0.011)
−6.229***
(0.052)

−1.261ϕ

(0.012)

Proportion of black patients −4.927***
(0.055)

−0.849ϕ

(0.010)
−4.772***
(0.055)

−0.822ϕ

(0.010)
−4.817***
(0.055)

−0.830ϕ

(0.010)

Proportion of female patients −2.724***
(0.092)

−0.576ϕ

(0.020)
−2.740***
(0.092)

−0.580ϕ

(0.019)
−2.737***
(0.091)

−0.580ϕ

(0.020)

Average BMI of patients 8.868***
(0.174)

1.198ϕ

(0.023)
8.473***
(0.173)

1.144ϕ

(0.025)
9.125***
(0.174)

1.231ϕ

(0.023)

ECD transplants in past year 0.874***
(0.048)

0.060ϕ

(0.003)
1.042***
(0.046)

0.071ϕ

(0.003)
0.888***
(0.048)

0.060ϕ

(0.003)

Proportion of highly sensitized patients 4.541***
(0.176)

0.100ϕ

(0.004)
4.447***
(0.175)

0.098ϕ

(0.004)
4.024***
(0.175)

0.088ϕ

(0.004)

Proportion of patients with diabetes 5.868***
(0.097)

0.511ϕ

(0.008)
5.655***
(0.096)

0.493ϕ

(0.008)
5.849***
(0.097)

0.509ϕ

(0.008)

Annual kidney donors in donation area 1.997***
(0.009)

2.350ϕ

(0.011)
1.998***
(0.009)

2.351ϕ

(0.011)
2.003***
(0.009)

2.357ϕ

(0.010)

Negative report card * ECD transplants in past year 1.318***
(0.117)

0.087ϕ

(0.008)
1.794***
(0.254)

0.095ϕ

(0.013)
2.338***
(0.135)

0.167ϕ

(0.009)

Negative report card * Highly sensitized −3.073***
(0.453)

−0.072ϕ

(0.011)
−6.123***
(0.571)

−0.158ϕ

(0.014)
2.668***
(0.557)

0.063ϕ

(0.013)

Negative report card * proportion with diabetes −1.504***
(0.203)

−0.149ϕ

(0.020)
0.553**
(0.246)

0.060ϕ

(0.026)
−4.391***
(0.295)

−0.383ϕ

(0.026)

Post CMS CoP * ECD transplants in past year −0.623***
(0.066)

−0.046ϕ

(0.005)
−0.816***
(0.065)

−0.060ϕ

(0.005)
−0.588***
(0.066)

−0.043ϕ

(0.005)

Post CMS CoP * proportion of highly sensitized patients −3.074***
(0.234)

−0.071ϕ

(0.006)
−2.762***
(0.232)

−0.064ϕ

(0.006)
−2.514***
(0.232)

−0.058ϕ

(0.006)

Post CMS CoP * proportion with diabetes −5.051***
(0.115)

−0.638ϕ

(0.014)
−4.863***
(0.113)

−0.614ϕ

(0.014)
−4.987***
(0.114)

−0.630ϕ

(0.014)

Post CMS CoP * negative report card * ECD transplants in past year −2.338***
(0.202)

−0.144ϕ

(0.013)
−2.367***
(0.316)

−0.153ϕ

(0.020)
−4.275***
(0.253)

−0.253ϕ

(0.014)

Post CMS CoP * negative report card * highly sensitized 9.500***
(0.571)

0.276ϕ

(0.015)
10.516***
(0.728)

0.342ϕ

(0.023)
3.566***
(0.690)

0.100ϕ

(0.018)

Post CMS CoP * negative report card * proportion with diabetes −1.040***
(0.233)

−0.147ϕ

(0.035)
−1.718***
(0.281)

−0.270ϕ

(0.043)
0.790**
(0.327)

0.101ϕ

(0.041)

Observations 164,876 164,876 164,876

Log-Likelihood (0) −212,087 −212,087 −212,087
Log-Likelihood −167,975 −167,977 −167,971

Abbreviations- BMI body mass index, ECD expanded criteria donor, CMS Centers for Medicare and Medicaid Services, CoP Conditions of
Participation. Standard errors are reported in parentheses. †Marginal effects are estimated using a simulation method similar to the Krinsky, Robb
[62] and Krinsky, Robb [63] method used for elasticity calculations. We take 1000 draws from the parameter distribution and estimate the change in
probability resulting from a 1% change in the covariates for continuous variables and a shift from 0 to 1 for binary variables in the regression. Our results
allow to construct 95% confidence intervals that we use to estimate statistical significance. Inference: *** p < 0.01, ** p < 0.05, * p < 0.1; ϕ indicates
statistically significant at >95% level

Patient selection in the presence of regulatory oversight based on healthcare report cards of providers:... 181



Table 11 The effect of regulatory-binding report cards on patient selection of a transplant center: second stage of the sorting equilibrium model with
risk factor interaction terms

75th Percentile of Distances Traveled (74-Mile Buffer)

Variable Either Graft or Patient
Survival Rate

Graft Survival Rate Patient Survival Rate

Coeff. Coeff. Coeff.

Constant 9.761*** 9.804*** 9.788***

(1.234) (1.237) (1.229)

Average age of patients −5.242** −5.345** −5.108**
(2.279) (2.284) (2.267)

Proportion of white patients 1.701*** 1.699*** 1.655***

(0.343) (0.345) (0.342)

Proportion of black patients −0.489 −0.513*** −0.527
(0.327) (0.327) (0.325)

Proportion of female patients 2.713*** 2.700*** 2.651***

(0.893) (0.896) (0.888)

Average BMI of patients −13.255*** −13.189*** −13.455***
(3.058) (3.062) (3.041)

ECD transplants in past year 6.808*** 6.702*** 6.815***

(0.681) (0.683) (0.677)

Proportion of highly sensitized patients −3.400*** −3.267** −3.217**
(1.281) (1.284) (1.275)

Proportion of patients with diabetes −7.907*** −8.026*** −7.843***
(0.730) (0.733) (0.727)

Annual kidney donors in donation area −1.287*** −1.284*** −1.297***
(0.062) (0.063) (0.062)

Negative report card −0.003 0.023 −0.084
(0.259) (0.303) (0.321)

Post CMS CoP −1.216*** −1.176*** −1.245***
(0.176) (0.174) (0.172)

Negative report card*post CMS CoP 0.119 −0.192 0.737

(0.360) (0.419) (0.452)

Shares (ρ)† −36.079** −34.114** −34.574**
(14.068) (14.388) (13.900)

Observations 3294 3294 3294

R-squared 0.337 0.337 0.338

Abbreviations- BMI body mass index, ECD expanded criteria donor, CMS Centers for Medicare and Medicaid Services, CoP Conditions of
Participation. Standard errors are reported in parentheses. †The parameter ρ is the share of patients that have selected a particular transplant center in
a particular time period and the corresponding coefficient reported captures the degree of congestion (−) or agglomeration (+). Inference: *** p < 0.01, **
p < 0.05, * p < 0.1
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